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1I INTRODUCTION
The tests herein described were performed in order that a
study night he made of the effect of expansion and contraction
upon the flow of water in pipes. The losses due to sudden change
of section cannot he determined accurately from theoretical con-
siderations, "because of the irregularities of flow at the section
where expansion, or contraction takes place.
The general plan of these tests was to measure the dif-
ference of head between different sections of the pipe* Prom this
it was hoped to obtain, not only the losses due to expansion and
contraction, hut also to find how these losses were distributed
along the pipe.
The tests were limited to one ratio of sectional areas, for
both expansion and contraction. A study was made of the effect of
the velocity in the pipe upon the losses.
The tests will be described in the following order, (a)
theory and available data, (b) apparatus and method of testing,
(c) experimental data and discussion, fd) conclusions, and fe)
curves and tables.

II THEORY AHD AVAILABLE DATA
An equation expressing the loss of head due to sudden ex-
pansion cannot "be derived directly from the general equation of
energy, "because of the loss due to impact. If the reduction of
section is gradual, the difference in available head can "be obtain-
ed with very little error by applying the energy equation to each
section.
If the mean velocities before and after passing the en-
largement are known the equation of momentum can be applied to
determine the loss. Consider the case of flow through a pipe which
has a sudden change of section from a to A as in Fig. 1.
Let p and v be the pressure and velocity respectively
in the smaller section immediately before the change of sec-
tion.
Let ? and V be the pressure and velocitj'- after the
expansion has occurred when the flow has become steady.
Let p 1 be the mean pressure on the end of the pipe
at E E
E
FIG./.

3The forces tending to produce change of none tun in the
direction of flow are
fl) The pressure over the area a = pa
(2) The pressure over the area at ETC = p 1 (A—a)
f3) The pressure over the area A = PA
.*. Tiie force producing change of momentum in the direction
of flow
= fpa + p'(A-a) - PA) lb, fl)
This must equal the change of momentum per second in the
direction of this force
= ME _ mg. = guv* - mf) tz)
o & o
The assumption is made that the pressure p' is uniform over
the face E E and is equal to p.
Combining equations fl) and (2), and placing p T = p we have
fp - P) A = -(AT2 - av2 ) (3)
g
For continuity of flow AT = av. v = —
a
.*. fp — P) A = — fl — 4) AT2 f4)
g a
Let H T = loss of head due to expansion and we have
— +
v
=
P
+ Xil * ji' f 5 )
W 2g W 2g
X ^ * E£- el = r fe)
W 2a2 g 2g
Substituting for from (4) we have
H ' = 2* (A _ i}*
2g a
= ^ fl -
-f) 22g A
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The loss of head that arises from a sudden contraction of
the section is due to the same causes as the loss in a standard
orifice. The loss is not due to the contraction, "but to the sub-
sequent enlargement.
The sane formula used to express the loss due to enlarge-
ment may "be used in the case of contraction "by applying the proper
coefficient, which depends upon the ratio of the area of the con-
tracted part of the stream to the area of the smaller pipe.
F/G.2.
Let a and v represent the area and velocity respectively
of the stream at the contracted section in Pig. 2. Let aE and vs
represent the area and velocity of the stream in the smaller pi^e.
Then from the formula for loss due to expansion " re have
H 1 = ~ — 7V»
)"
,
hut a v = a v
or
c c
H' = (SaZs. - vj" = fS*. - l) a 28.
a * a Hg
2g
The coefficient of contraction, G = —
,
G
a c
'
then H' = (

According to Merriman's Hydraulics, page 17G, "experiments
seem to show that C„ = + — ", where r is the ratio of the
° 1.1+r
diameters of the two sections.
By placing C_ = 0.6E and r f orifice)
and C_ = 1.00 and r = 1 (no contraction)O
C = .582 + -0A18
1.1-r
Very little experimental data is available upon the sub-
ject of losses due to expansion or contraction. The only material
that could he found upon these losses was the data from the experi-
ments of A. H. Gihson, Assistant Lecturer in the University of
Manchester, which are found in his "book Hydraulics and its Appli-
cations. In these experiments he used a pipe which had an enlarge-
ment of diameter from .65 inches to 2.15 inches. There is no des-
cription of the pipe, as to the material, or condition of the
interior surface. The methods of measurement of the losses are
also not given.
His losses due to expansion coincide very closely with the
theoretical loss calculated from the formula
H' - .(v-V)
g
2g
where v and Y are the velocities respectively "before and after
expansion.
His results are given in the following tahle.

LOSSES DUE TO EXPAHSIOE (BY GIBSON)
Areas Before and After Expansion .65—in. 2.15—in.
Ratio of Areas = 1 : 10.96
Ho. of Velocity before Actual Logs Calculated
Expansion Ft, of Water Loss Actual
Experiment Ft. por Sec
.
( v-V) g +2g
_Jl^cuJLat cd
1 2.87 .107 .106 1.011
QG 4.20 . 233 1.031
3 6.01 .483 .465 1.041
4 9.02 1.103 1.041 1.061
5 12.19 2.01G 1.906 1.058
6 15.20 3.163 2.975 1.064
7 10.19 4.547 4.250 1,069
8 23.95 7.926 7.350 1,080
9 27.80 10.830 9.940 1.091
10 31.20 13.864 12.490 1.110
A series of experiments carried out on the same apparatus
previously described cave values of Ca ranging from .610 to .587
with a mean value of .600.

7III APPARATUS AITD METHODS OF TESTING
These experiments were carried on with a change of section
from a 2—in. pipe to a 6—in. pipe. The pipes were screwed into
flanges and carefully faced, to secure a sudden expansion without
any shoulders or projections of the pipe, which might cause an ir-
regular flow. A 10 foot length of straight 2—in. pipe discharged
into a 30—foot length of 6—in. pipe, which in turn discharged into
another 10-foot length of 2-in. pipe. This comprised the principal
apparatus used in the tests. The 6—in. pipe was new steel pipe,
while the 2—in. pipe had "been in use for a few years. A gate valve
was placed at each end of this apparatus to regulate the flow.
Quarter inch holes for measuring pressures were tapped at
different sections of the pipe, varying from 6 inches apart close
to the contraction or expansion section, to 6 feet apart farther
along the pipe as shown in Fig. 3. The holes were reamed out with
a rat-tail file to remove any "burrs caused by the drills.
Piezometer tubes were fitted to all the holes, care "being
taken to make the threads on the tubes only long enough to give a
water tight joint, and in no case did they extend through the wall
of the pipe. Great irregularities in the pressure might he caused
"by the burrs, or the end of a projecting piezometer connection,
1/4—in. Tees were connected to the piezometers tubes, so
that the pressure could be transmitted to two gauges, l/4-in. nip-
ples were screwed. into the tees, with the free end beveled to
facilitate making a. connection to the inverted U tubes, with heavy
!


9rubber tubing.
Pressure was obtained from the standpipe in the Hydraulic
Laboratory where the experiments wore performed. The head on the
standpipe was kept constant.
The water was delivered from the standpipe to the apparatus
through a 4—in. pipe and a 4 to 2—in. reducer. The water was dis-
charged into a tank placed upon scales.
Measurements of the loss of head between sections of the
pipe were made by means of differential gauges. One of the gauges
was equipped with stop—cocks at the end of the tubes, and with valves
in the connections so that the air could be removed from the pipes
and connections. This gauge was used at the expansion or contrac-
tion end of the pipe. The other gauges were single inverted U tubes,
which were merely glass tubes bent and connected to the piezometer
couplings with the heavy rubber tubing. The gauges were used with
air confined in the upper portion, so that the difference in press-
ures was measured directly by the difference in the water columns.
The measurements were taken with a scale graduated to hundreths of
feet.
The velocity of the water in the pipes was obtained by meas-
uring the discharge. The time in which a given weight of water
was discharged, usually taken as 500 lb., was obtained by means of
a stop watch reading to fifths of a second.
Much trouble was encountered in getting the air out of the
connections leading to the inverted U tubes, so that they would
read correctly.
After a series of tests had been run upon both the expansion
and the contraction end; of the pipe a check series of readings were

taken, which included the losses o.f "both contraction and expansion.
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IV EXPERIMENTAL DATA AITD DISCUSSIONS
Tho rang© of velocities which was used in these tests, as
shown "by tables 1 and 13, varied from 1.5 to 16, feet per second in
the smaller pipe. Tho higher velocities were limited "by tho avail-
able pressure, while the lower velocities were limited "by the sen-
sitiveness of the gauges. The losses arising from velocities low-
er than 1.5 feet per second could not he determined with any degree
of accuracy.
The distribution of the losses along the pipe after expan-
sion is shown by plate IV. It is seen that the pressure drops
suddenly when the sudden expansion occurs, but rises again for a
short length along the pipe. The length over which this rise of
pressure takes place varies somewhat with the velocity. It is
about throe feet for the maximum velocities. From this point on
the pressure decreases uniformly. It was concluded that the prin-
cipal loss due to expansion took place in this section of pipe
which showed a rise in pressure. The frictional losses in this
section were neglected in the computations as they were small.
The losses as determined experimentally, and shown in table
1 are considerably higher than tho computed losses. The velocity-
loss of head curve, Plate 1, shows that the results are consistent,
but the losses are about 45 per cent higher than the theoretical
losses. In the experiments of Gibson referred to above, it is
seen that his results are above the theoretical losses, but only
about 2 to 5 per cent. With the larger pipe, the impact may be
more violent, and thus cause higher losses.

12
A preliminary series o:f tests upon the contraction end of
the pipe showed that the pressure dropped suddenly at the change in
section, and then rose for a distance of about 6 inches along the
pipe. Other distances near this section were not tried. The pres-
sure front this point on, decreased hut not uniformly, until it
reached a point ahout £ l/fi feet farther down the pipe for the high-
er velocities. Plate V. The pressure curve as soon as it assumes
a constant slope indicates the loss due to friction. If this pres-
sure curve is then projected backward with a constant slope, repre-
senting the loss due to friction, the loss due to expansion beyond
any point may be measured by the vertical distance "between the two
curves. From the curves it is found that about 87 per cent of the
loss occurs in the first six inches. A piezometer measurement was
made at this point in all the tests.
The stream passing from the 6—in. pipe to the E—in. pipe is
contracted, much the same as a jet from an orifice, until its cross-
sectional area is not as great as that of the pipe. As the flow
passes on down the pipe, the stream expands, thereby changing some
velocity head to pressure head which accounts for the rise in pres-
sure. It is this subsequent enlargement after contraction that
causes most of the loss.
The losses due to contraction, as determined in table £,
vary greatly for small changes in velocity. One of the chief
reasons why the results vary so greatly may be, that the ends of
the piezometer tubes have extended through the pipe, and interfered
with the flow. The shell of the 2—in. pipe was rather thin for a
connection of this kind.

"13
The average losses for contraction as determined in table
2 are about the same as those given in Gibson's e— e "-^nts. The
average value of CG as computed from table 2 is . 78C while Gib-
son has obtained a mean value of .600. The pipes which he used
had a ratio of areas of 1:10.96. 'Veisbach gives the value of C
for a ratio of areas of 1:10 as .624.
As stated before the inconsistent results are likely duo to
the piezometer tubes which may have extended through the shell of
the pipe. The check curve and the combined expansion and contrac-
tion curve on Plate III do not coincide. This is no doubt due to
the fact that the combined losses are the sum of several gauge
readings. Errors in each of tho readings would be added.

14
V C0HCLUSI01TS
The loss due to expansion is a much greater factor than
the loss due to contraction, "being about three tines as large for
the same ratio of areas.
The main losses at the expansion section of the pipe occur
within three foot of the expansion section. This distance is
slightly affected "by the velocity, "being less the lower the veloc-
ity. This is as would he expected, since the stream issuing from
the smaller pipe, would he carried farther down the pipe "before it
expanded to tho full size of the pipe for the higher velocities,
than for the lower velocities. The diameter of the pipe, as well
as the ratio of the areas, prohahly affect the losses to some
ext ent
.
The principal loss duo to contraction takes place within
a short distance from the contracted section. The drop in pressure
along the pipe shows that the loss due to friction is considerable
,
and should he taken into account in obtaining the loss between two
sections, if either the velocity is large or the area of the pipe
small.
The losses as determined upon the expansion end of the
pipe are very consistent and it is thought that they represent the
actual conditions quite well. The losses at the contraction sec-
tion are not so consistent but 'the average value is very close to
those obtained by Teisbach and Gibson.

Thoso tccto chould "bo extended to includo tectG upon Gevoral
Gizec of pipo, in ordor to determine how the Iocgcg vary with cizo
of the cection. Different jointc chould he tected ouch as converg-
ing and diverging sect: one. Experiments chould alco he nade with
the smaller pipe extending into the larger one. The piezometer
connectionc to the 2—in. pipe chould he nade at cevoral pointc
ahout the circumference of a cection and an average recorded. This
should he done "by a compression chamber around the pipo go that no
tuheG would he placed in the shell of the pipe.
The exact distance from the expansion or contraction section
in which the locoes have occured chould he accertained for different
velocities.
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Table 1
Logs of Head Due to Expansion
Size of pipe 1.98 in. and 6.10 in. Ratio of areas 1:9.5
6 :A
3 O
Diff. in
Pressure
between
Sections
A and 3
Feet Hi
Velocity-
Feet
per
Second
2—in 6—in
Pipe Pipe
vs-vc
1 2g
Loss due
to
Expansion
Feet
2g
Computed
Loss
Ratio of
Actual Loss
to
Computed
Loss
1 0.52 14.7 1.5 «3 % «3 3.84 2.69 1.43
2 0.53 14.2 1.5 3.07 3.60 2.48 1.45
a U . GO lo . U 1.4 . .d O . ol o or T AC1.46
4 0.40 12.6 1.3 2.44 2.84 1.96 1.45
5 0.22 9.6 1.0 1.41 1.63 1.15 1.42
6 0.12 6.6 0.7 0.66 0.78 0.55 1.42
0.20 8.7 0.9 1,16 1.36 0.95 1.43
8 0.30 11.5 1,2 2.02 2.32 1.65 1.41
9 0.41 13.1 1.4 2.62 3.03 2.12 1.43
10 0.46 14.3 1.5 3.15 3.61 1.43
11 0.58 15.8 1.7 3.84 4.42 3.08 1.43
12 0.52 15.3 1.6 3.50 4.02 2.91 1.38
13 0.50 14.9 1.6 3.40 3.90 2.74 1.42
14 0.47 14.7 1.5 3.31 3.78 2.70 1.40
15 0.45 14.2 1.5 3.08 3.53 2.50 1.41
16 0.42 .13.6 1.4 2.84 3.26 2.31 1.41

Ho. Diff. in Velocity
Pressure Foot Si
between
Sections
A and 3
Feet H,
per
Second
2—in 6—in
Pipe Pipe
a.^-re JU&_=SL* -Qtio of
Actual Loos
to
Computed
Loss
23
2G
Loss duo
to
Expansion Computed
Feet Loss
1 7 n BO 14 4 1 5 3 17 3.67 2.57 1.43
xo 14 6-1. x * \J 1 5 3.29 3.79 2.65 1.43
X? 48 14 4 1 5 3.17 3.67 2.57 1.43
46 14 1 1.5 3.04 3.50 2.46 1.42
Ci X 13 7 1 4 2.88 3.31 2.35 1.41
?2 40 13-2 1 4 2.66 3.06 2.16 1.42
O 33 12 1 1 3 2.58 1.81 1.42
24- 26 10 8 1 lJ» • JL 1.80 2.06 1.46 1.42
as 20 9.5 1JL • W 1 38 1.58 1.12 1.41
26 15V> « -X. «-> 8.0 0.8 0.98 1.13 0.80 1.41
27 °5 9,8 1Jh • 1.48 1. 71 1.20 1.42
20 08 4 8 5 0. 35 0.43 0.29 1.48
29 0.02 1.8 0.2 0.05 0.07 0.04 1.75
30 0.01 1.34 0.1 0.023 0.033 0.02 1.64
31 0.01 1.0 0.1w # -1. 0.017 0.027 0.013 2.10
32 0.02 1.34 0.1 0.023 0.043 0.02 2.10
33 0.06 4.9x. * w 0.5 0.37 0.43 0.30 1.43
34 0.07 5.1 0.5 0.40 0.47 0.33 1.42
35 0.04 4.5 0.5 0.31 0.35 0.25 1.40
36 0.13 6.2 0.6 0.59 0.72 C.48 1.50
37 0.14 7.2 0.8 0.80 0.94 0.64 1.47
38 0.17 7.8 0.8 0.94' 1.11 0.76 1.46
39 0.21 8.8 0.9 1.19 1.40 0.97 1.45
40 0.29 9.8 1.0 1.47 1.76 1.20 1.46
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No
.
Diir. in Velocity £ .- 4l IT-. +-« *" t \ -Vff)
r
nULlO OX
Pressure Feet Or""6
between per iiOL>G a. tie U
Sections Second 00 uonpu GCL
a and u 2—in 6—in EtXpO-TlQ J_ O il M O Ml T «"»L<OIupU.(jOU.
Feet En Pipe Pipe Feet Loss
41 0.35 11.
1
1.2 1.89 2.24 1.52 1.47
42 0.47 12.3 1.3 c . o<- 2.79 1.88 1.48
43 0.60 14. 5 1.5 3.22 3.82 2.62 1.46
44 0.60 14.3 1.5 3.13 3.73 2.55 1.46
45 0.56 "IT /*13.
6
1.4 2.89 3.45 2.30 1.50
46 0.42 12 . y 1.4 2.55 2,97 2.06 1.44
47 0.40 12 . U 1.3 2.21 2.61 1.77 1.47
48 0.09 0.4 U . o 0.45 0.54 0.35 1.54
49 0.06 A A4.4 U . 0.30 0.36 0.24 1.50
50 0.06 A T4.7 U , 0.54 0.41 0.27 1.52
51 0.04 nt i7 U .4 0.21 0.25 0.17 1.47
52 0.05 4 . U U .4 0.25 0.30 0.20 1.50
53 0.02 ti . 6 U.J 0.10 0.13 0.08 1.62
54 0.02 o ct<i . .5 r\ o 0.08
.
0.10 0.07 1.43
55 0.01 1.9 U . 2 0.05 0.07 0.04 1.75
! 56 0.01 1.3 0.1 0.03 0.04 0.02 2.00
57 0.01 1. 1 0.1 0.02 .0.03 0,02 1.50
58 0.02 2.1 . 2 0.07 0.08 0.05 1.60
59 0.03 3.1 U.J 0.15 0.18 0.12 1.50
60 0.04 4, <i C\ AU.4 0.27 0.32 1.45
61 0.08 5.4 0.6 0.46 0.54 0.37 1.46
62 0.12 6.6 0.7 0.67
'
0.79 0.54 1.46
63 0.11 5.9 0.6 0.54 0.65 0.44 1.47
64 . 12 6-. 3 0.7 0.61 . 73 0.49 1.49

ITo. Diff. in Velocity TgMg IL.+T&
~gj fV^~^) r Ratio of
Pros sure Feet 2g Sg 5g Actual Loco
"between per Logs due to
Sections Second to Computed
A and 3 2—in 6—in Expansion Computed Logs
Feet H-i Pipe Pipe Feet Loss
DO U . XO 7 O O 1U . X O 7R n pp n at 1 AAA. . 'x'x
A AD D ft ft O ft i °o 1 AT OP 1 AAX * lx *x
A 7
/ o ^>7 O A 1 OX . \J 1 A^X • frO 1 70X f \J 1 T AX • XD 7 /AX » fxO
APDO n IT OXX • U 1 pX • c. 1 PAX » o o P 1 Q 1 RO X • '-•O
AQD ~ o / o 11 ftXX • O 1 PX . c P 1 A. Xft » yft 1 7^ 1 A^X • ft .
/ u O /I AU . ftD TP AX£ . Q X . o P AO P PA<j . O D 1 Q A T A7X . ft /
7T
/ X O R° XO . O X. ft O QO 7 AA.7 . ft ft ° 7P 1 A/1X , *ft
7P n A7 1 A AXD . O 1 AX. D % APO . DO ft , «j o 1 A AX • ftO
7^ o ao 1 A AXft . D 1 AX . o onO . £u ^ pn P A A£ » DD 1 A 1*
74 0.75 1.64 1.7 4.13 4.88 3.35 1.46
75 0.70 15.7
4
1.6 3.73 4.48 3.10 1.44
76 0.66 15.2 1.6 3.55 4.21 2.97 1.42
77 0.64 15.0 1.6 3.45 4.09
•
2.80 1.46
78 0.08 5.4 0.6 0.45 0.53 0.36 1.47
79 0.07 5.1 0.5 0.40 0.47
•
0.33 1.42
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Table 2
Loss of Head Duo to Contraction
Prom Seotion A — A to Section B — 3.
Size of pipe 1.98 in. and 6 .10 in. Ratio of aroas 1:9.5
f"
—Er%
1 2 3 4 5
1
6
j. lit -j.il Loss Due to ac uuax jjOss
Pressure Ft
.
per Loss Contraction divided
J9 O o <r> ri c\ t\ r\ r Kiii li 1 - (4 + 3) "7
S—in 6—in Vf
—
— -LjJC? a. J. jJii
. _
1 3.02 11.6 1.2 2.06 0.13 U . oo .399
o 2.55 10.5 1.1 1.68 0.11 .445
3 1.38 8.8 0.9 1.20 0.08 0.60 . .496
4 1.30 6.9 0.7 0.74 0.05 51 .690
5 1.00 5.4 0.6 0.45 0.03 0, 57 1.240
6 1.01 5.7 0.6 0.500 0.03 0.54 .916
7 1.25 7.3 0.8 0.81 0,05
•
0.39 .476
8 1.69 8.7 0.9 1.16 0.07 0.46 .393
9 2.37 10. 1 1.1 1.69 0.10 0.58 .367
10 1.93 9.1 1.0 1.27 0,08 0.58 .453
11 2.36 10.4 1.1 1.67 0,10 0.59 .351
12 2.77 10.9 1.1 1.83 0.12 0.82 .445
13 2.05 10.7 1.1 1.77 0.12 0.96
4
.542
14 3.02
4 r
11.5 1.2 2.02 0.12 0.88 .413
15 3.14 11.7 1.2 2.10 0.13 0.91 .428
16 3.25 12.1 1.3 2.24 0.14 0.87 .385

1. •3. ft . v .
no
.
Dili, in Telocity i4 notion Loss Duo oO Actual Loss
Pressure per eg Loss Contraction .3 A J A nAdivided
Feet second i* OQZ 1 - (4 + 3)
Z$—121 o--m V
Pipe Pipo
17 3.66 13 . U 1.4 2.58 0.15 0.93 .355
18 3.95 1<5 . ^ 1.4 2.67 0.16 1.12 .415
19 4.18
4
"i t a13 . 6 1.4 2.84 0.17 1.17 .408
20 4.33 lo . 4 1.4 2.76 0.17 1.40 .505
SI 0.53 5.9 0. b 0.54 0.03 0.26 .482
22 0.57 . u U . O 0.39 0,02 0.17 .436
23 »3 . 6 U.4 0.20 0.01 0.08 .400
24 0.40 u . 0.28 0.02 0.1c .357
25 0.68 . o L . 0.44 0.03 C.21 .477
26 0.94 r /tb .ft U. / 0.62 0.04 0.28 .451
27 0.72 O. 1 U . 0.49 0.04 0.19 .380
28 1.06 6 . c, O >7U. / 0.59 0.04 0.43 .728
29 0.67 o • o U . O 0.44 0.03 0.20 .455
30 1.63 f} Ay . ft U . .7 1.07 0.48 .440
4
31 1.31 ? • O
1
U . 0.82
, 0.05 0.44 .530
32 2.11 0.0 . ri 1.14 0.07 0.90 .782
33 1.35 / .ft U . 0.85 0.06 0.55 .647
34 0.46 A "7ft. f U . O 0.34 0.02 0.10 .294
35 0.57 ft
.
y U . 0.38 0.03 0.16 .421
36 0.40 /iffc.C U . ft 0.27 0.04 0.11 .408
37 0.10 1 . D n^ . >j 0.04 0.01 0.05 1.250
38 0.13 l.O n • »j 0.04 0.01 0.07 1.750
39 0.28
4
O.O U . ft 0.20 0.03 0.06
4
.300
40 0.02 1.2 0.1 0.02 0.00 0.00 .000
41 0.04 1.3 0.1 0.03 0.00 n mU • Ui .333
42 0.05 1.4 • 0.2 0.03 0.00 . 02 .667

1 2 3 4 5 6 28
Ho. Diff. in Velocity JtdM FWatioH Lose Duo to Actual Loss
Pressure Ft. per 2g Loss Contraction divided
Feet second Foot 1 — (4 3) "by
3-in G-in Vr
Pipe Pipe 3g
43 0. 24 0.3 0.3 0. 16 a a i. Ul A AT. ; • <fc«3 f
A A44 0. 18 2.8 0.3 0. 12 a at0. 01 A AC0. 05 . 416
A C45 . 14 O K. O a ^.
3
A T A0. 10 0.01 A ArtU. U3 . ouu
A £46 0.07 1.9 A ow . *W A Afu . 06 a aa0.00 A AT0. 01 AAA. UUU
A Tt47 0. 28 3.5 a /?0.4 A on. 20 a a o0. 02 A A r. 06 .300
A O4a a n^i0.37 4.1 0.4 r\ AO. 02 A A Qo.oy rr / c. 046
A C\49 C.47 4.3 0.0 \J + is J A AO0. 02 0. 16 . 551
50 0. 55 A CZ4.5 /> cz0.5 0..51 A AO0. U2 0.22 rti a• 710
51 1. 01 6.0 0.6 r\ cz r0. 56 A A A0. 04 0.41 . 732
noDC, a to0. fO 5.5 a e0.6 A A Tt0.47 A A 'Z. 03 A OA0. 20 .425
03 -1 O A1. 20 6.3 0. 7 0. 60 A A A0. 04 0. 56 .916
54 1.45 6.6 0.7 0.67 0.04 0.74 1.080
55 1.52 6.8 0.7 0.72 0.05 0.75 1.030
56 1.88 7.8 0.8 0.95 0.06 0.87 .915
57 1.59 7.0 0.7 0.76 0.05 0.78 1.100
58 2.24 8.8 0.9 1.18 0.08 0.98 .816
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Table 3
Losses Due to Contraotion and EExpansion
Sizes of Pipe 1.98 in. and 6. 10 in.
1
1
2 J /
-30'- G"
Ho. Loss between Velocity Friction * Loss of
' 1-2 in 2—in.* Loss Expansion
Ft. of Water Pipe. Ft. Ft. of and
per Sec. Water Contraction
Ft. of Water
1 -4.25 12.4 .17 4.08
2 —2 .95 10 .
2
.14 2.81
3 -3.60 11.4 .16 3.44
4 -2.35 9.2 .12 2.23
5 -2 . 70 10,0 .13 2.57
6 -2 . 20 9.0 .11 2.C9
7 -1.35 6.9 .07 1.28
8 -1.20 6.5 .06 1.14
9 -0.90 5.6 .05 .85
10 -0.40 3.8 .025 .375
11 -0.09 1.3 .004 .086
12 -0.30 3.3 .02 .28
13 -0.62 4.6 .03 .29
14 -0.98 5.9 .05 .93
15 -1.50 7.3 .08 1.42
16 -2.07 8.6 .11 1.96
17 -4.05 11.8 .17 3.88
18 -4.70 12.9 ,19 4.51
-2.85 10.1 .13 2.73
IPaken tram ^ntn Sheet ...from nnnt-rfu>ti en End.
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d
DATA SHEET FROM EXPAHSIOB ETD OF PIPE
Size of pipe 1.98 in. and 6.10 in. Ratio of areas 1:9.5
Loss of Hoad in Foot of Water
Between Sections
7 6
ITo.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
5 bSr—r
18'- o" 3-0' 2 6
*
—
*
6
1-2
+0.24
+0.24
+0.19
+0.21
+0.10
+0.03
+ 0.05
+ 0.12
+0.16
+0.20
+0.25
+0.23
+ 0.22
+0.20
+0.19
+ 0.16
+ P?
+0.22
+0.21
3-4 4-5 2-6
+0.12 -
+0.10
+0.10
+0.09
+ 0.06
+0.01
+ 0.02
+0.00
+ 0.05
+0.07
+ 0.10
+0.09
+ 0.07
+0.06
+0.06
+0.04
+ 0.07
+0.07
+0.07
0.30
-0.30
-0.23
-0 .22
-0.14
-0.05
-0.06
-0.15
-0.20
-0.27
-0.32
-0.26
-0.24
-0.26
-0.24
-0.25
-0.24
-0.30
-0.28
+0.52
+0.53
+0.53
+0.40
+ 0.22
+0.12
+ 0.30
+C.41
+0.46
+0.58
+ 0.52
+0.50
+0.47
+0.45
+0.42-
+0.50
+0.50
+0.48
6-7 7-8
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.oc
0.00
o.oc
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
+0.04
+0.08
+0.C3
+ 0.0no
0.01
+0.00
+0.01
+C.01
+0.02
+0.03
+ 0.04
+0.03
+0.00
+0.00
.03
+0.03
+0.02
+ 0.02
+0.02
Velocity Ft. per Sec
2-in.?ipe 6-in.?ipe
14.2
14.2
13.5
12.6
9.6
6.6
8.7
11.5
1 * "i
14.3
15.3
14.9
14.7
14.2
13.6
14.4
14.6
14.4
1.5
1.4
1.3
1.0
0.7
0.9
1.2
1.4
1.5
1.7
1.6
1.6
1.5
1.5
1.4
1.5
1.5
1.5

si
Ho. 1-2 4-5 2-6 6-7 7-8 Velocity Ft. per Soc.
8-in.Pipa 6-in.?ipo
20 + 0.20 +0.07 -0.20 +0.46 0.00 +0.01 14.1 1.5
21 +0.19 +0.00 -0.00 + 0.43 0.00 +0.01 13.7 1.4
22 + 0.17 +0.00 -0.00 +0.40 0.00 +0.00 13.2 1.4
23 + 0.14 + 0.05 -0.20 +0.33 0.00 +0.00 12.1 1.3
24 +0.11 +0.05 -0.12 +0.26 0.00 +0.00
•
10,8 1.1
25 +0.09 +0.04
f
-0.10 +0.20 0.00 + 0.00 9.5 1.0
26 +0.06 +0.03 -0.06 +0.15 0.00 +0.00 8.0 0.8
27 +0.10 +0.00 -0.00 i0.23 0.00 +0.00 9.8 1.0
ITote
28
:— Gauges were arranged different
2-3 3-4 4-5 5-6 6-7
+0.15 0.00 -0.00 -0.00 0.00
for the
7-8
+0.00
rest of the
4.8
readings
.
0.5
29 +0.02 0.00 —0 . 00 —0.00
1
0. 00 + 0.00
4
1.8
•
0.2
30 + 0. 01 0.00 —0.00 -0.00
*
0.00 +0.00 1.34 0.1
31 +0.01 0.00 —0.00 -0. 00 0.00 +0.00 1.0 0.1
32 +0.02 0.00 -0.00 —0.00 0.00 + 0.00 1.34 0.1
33 + 0.15 0.00 -0.04 -0.05
•
0.00 + 0.00 4.9 0.5
34 +0.16 0.00 -0,04 -0.05 0.00 + 0.00 5.1 0.5
35 +0.12 0.00 -0.04 -0.04 0.00 +0.01 4.5 0.5
36 +0.25 0.00 -0.06 -0.06 0.00 +0.02 6.2 0.6
37 + 0.34 0.0Q -0.08 -0.12 0.00 + 0.02 7.2 0.8
38 +0.40 0.00 -0.11 -0.12 0.00 + 0.02 7.8 0.8
39 + 0.48 0.00 —0 1 9 -0.15 0.00 +0.02 8.8 0.9
40 + 0.62 0.00 -0.15 -0.18 0.00 +0.03 9.0 1.0
41 + 0.80 0.00 -0.20 -0.25 0.00 +0.04 11.
1
1.2
42 +1.00 0.00 -0.23 -0.30 0.00 +0.03 12.3 1.3
43 +1.35 0.00 -0.35 -0.40 0.00 +0.05 14.5 1.5
44 +1.32 0.00 -0.34 -0.38 0.00 + 0.05 14,3 1.5
45 +1.35 0.00 -0.32 -0.37 0.00 +0.05 13.6 1.4
/
:Ho. 2-3 5-4 4-5 5-6 6-7 .7-8 Velocity Tt.per Sec.
E-in.Pipo ft-in.^ipe
46 +1.C5 0.00 -0.30 -0.33 0.00 +0.04 12.9 1.4
47 +0.95 0.00 -0.25 -0.30 0.00 +0.04 12.0 1.3
ITote:— Gauge readings v/ere only taken between 2—6 for the rest of
the readings which are recorded in Table 1.
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DATA TAKEN PROM CONTRACTION END OP PI^E
Loss of Head in Feet of Water
Between Sections
6 5 AL 3 21
*
G - 3''
»
o" 6" 6"
No
t
1-2 2-3 3-4 4-5 5-6 Velocity Ft.
S—in. Pipe 6-
per S
-in. Pi
1 +3.47 -0.45 + 0.16 +0.54 +1.57 11.6 l.S
S + E.90 -0.35 +0.15 +0.45 + 1.30 10.5 1.1
3 +S.1S -0.24 +0.12 + 0.3S +0.9E 8.8 0.9
4 + 1.45 -0.15 +0.08 +0.S1 +0.59 6.9 0.7
5 + 1.05 -0.00 +0.05 + 0.1S +0.38 5.4 0.6
6 +1.07 -0.00 +0.05 +0.13 + 0.4S 5.7 0.6
7 +1.40 -0.15 + 0.09 +0.S2 +0.65 7.3 0.8
8 +1.91 -0.SS + 0.11 +0.31 +0.89 8.7 0.9
9 + S.70 -0.33 + 0.15 +0.43 +1.20 10.1 1.1
10 + S.E0 -0.27 +0.11 + 0.35 +0.97 9.1 1.0
11 + 2.70 -0.34 +0. 15 +0.43 +1.S0 10.4 1.1
IE +3.16 -0.39 +0.15 +0.50 + 1.40 10.9 1.1
+3. 25 —0.40 + 0. 15 + 0. 51 . *t A A+ 1.44 10. 7 1.1
14 +3.44 -0.42 + 0.16 + 0.53 +1.51 11.5 l.S
15 +3.55 -0.41 +0.16 + 0.56 +1.55 11.7 l.S
16 +5.70 -0.45 +0.17 +0.58 + 1.66 1S.1 1.3
17 +4.17 -0.51 +0.18 + 0.67 + 1.87 13.0 1.4
18 +4.50 -0.55 +0.S1 +0.70 +1.98 13,
S
4
1.4
19 +4.74 -0.56- +0.S1 +0.75
t
+S.C8 13.6 1.4
SO +4.90 -0.57 +0.S1 +0.76 + 2.10 13.4 1.4

Ho. 1-2 2-3 3-4 4-5 5-6
Velocity Ft.
2-in.Pipe 6-
. 34
per Sec.
-in. Pipe
21 +0.96 -0.13 +0.06 +0.10 +0.46 5.9 0.6
22 0.63 -0.06 +0.04 + 0.10 +0.31 5.0 0.5
23 + 0.53 -0.04 +0.02 +0.06 + 0.17 3.6 0.4
4
24 + 0.45 -0.05 +0.00 +0.09 +0.24 4.3 0.5
25 +0.76 -0.08 +0.05 +0.12
•
+0.38 5.3 0.6
26 +1.05 -0.11 +0.07 +0.18 +0.49 6.4 0.7
27 + 0.82 -0.10 +0.05 +0.13 +0.40 5.7 0.6
28 +1.18 -0.12 +0.07 +0.16 +0.45 6.2 0.7
29 +0.75 -0.08 +0.06 +0.13 + 0.37 5.3 0.6
§
30 + 1.88 -0.25 +0.11 +0.31 +0.87 8.4
•
0.9
31 +1.48 -0.17 + 0.08 +0.23 +0.66 7.3 0.8
32 + 2.35 -0.24 +0.10 + 0.33 +0.85 8.6 0.9
33 + 1.53 -0.18 + 0.05 +0.24 +0.70 7.4 0.8
34 +0.52 -0.06 +0.04 +0.09 +0.28 4.7 0.5
35 + 0.64 -0.07 + 0.04
m
+0.12 +0.32 4.9 0.5
36 +0.44 -0.04 +0.03
•
+0.08 +0.24 4.2 0.4
37 +0.11
f
-0.003 +0.01 +0.02
•
+0.08 1.6
*
0.2
38 +0.13 -0.01 +0.01 +0.02 +0.08 1.6 0.2
39 +0.31 -0.02
•
+0.01 +0.06
*
•
+0.18 3.6 0.4
40 +0.025 -0.002 +0.005 +0.007 + 0.03
«
1.2 0.1
41 +0.035 -0.000 +0.01
1
+0.012 +0.03 1.3 0.1
42 +0.045 -0.00 +0.01
I
+0.018 +0.035 1.4 0.2
! 43 +0.265 -0.024 +0.02 +0.05 +0.15 3.3 0.3
44 +0.20 -0.018 + 0.02 +0.035 +0.12 2.8 0.3
45 +0.15 -0.005 +0.01 + 0.03 +0.10 2.5 0.3
46 +0.075 -0.00 +0.00 +0.025 +0.07 1 9 2
47 +0.30 -0.02 +0.03 +0.06 +0.18 3.5 0.4

. 35
Velocity ?t. per ^eo.
Ho. 1-2 2-3 3-4 4-5 5-6 2-in.Pipe 6-in.?ipe
43 +0.41 -0.04 +0.03 +0.065 +0.22 4.1
4
0.4
49 +0.52 -0.05 +0.04 +0.075 +0.24 4.3 0.5
50 +0.60 -0.05 +0.05 ^0.09 + 0.27 4.5 0.5
51 +1.13 -0.12 +0.06 +0.16 +0.47 6.0 0.6
52 +0.79 -0.04 + 0.14 + 0.14 + 0.39 5. 5 0.6
53 +1.32 -0.12 +0.05 +0.18 + 0.50 6.3
i
0.7
54 +1.50 -0.13
4
+0.06 +0.19 + 0.54 6.6
a
0.7
55kj kJ +1 65
i
-4-0 F> 8
56 +2.05 -0.17 +0.08 +0.28 + 0.75 7.8 0.8
57 + 1.72 -0.13 +0.06 + 0.22 + 0.61 7.0 0.7
58 +2.46 -0.22 +0.08 +0.34 +0.92 8.8 0.9



